High level oxacillin and vancomycin resistance and altered cell wall composition in Staphylococcus aureus carrying the staphylococcal mecA and the enterococcal vanA gene complex.
Recently, for the first time in the history of this bacterial species, methicillin-resistant Staphylococcus aureus (MRSA) carrying the enterococcal vanA gene complex and expressing high level resistance to vancomycin was identified in clinical specimens (CDC (2002) MMWR 51, 565-567). The purpose of our studies was to understand how vanA is expressed in the heterologous background of S. aureus and how it interacts with the mecA-based resistance mechanism, which is also present in these strains and is targeted on cell wall biosynthesis. The vanA-containing staphylococcal plasmid was transferred from the clinical vancomycin-resistant S. aureus (VRSA) strain HIP11714 (CDC (2002) MMWR 51, 565-567) to the methicillin-resistant S. aureus (MRSA) strain COL for which extensive genetic and biochemical information is available on staphylococcal cell wall biochemistry and drug resistance mechanisms. The transconjugant named COLVA showed high and homogeneous resistance to both oxacillin and vancomycin. COLVA grown in vancomycin-containing medium produced an abnormal peptidoglycan: all pentapeptides were replaced by tetrapeptides, and the peptidoglycan contained at least 22 novel muropeptide species that frequently showed a deficit or complete absence of pentaglycine branches. The UDP-MurNAc-pentapeptide, the major component of the cell wall precursor pool in vancomycin-sensitive cells was replaced by UDP-MurNAc-depsipeptide and UDP-MurNAc-tetrapeptide. Transposon inactivation of the beta-lactam resistance gene mecA caused complete loss of beta-lactam resistance but had no effect on the expression of vancomycin resistance. The two major antibiotic resistance mechanisms encoded by mecA and vanA residing in the same S. aureus appear to use different sets of enzymes for the assembly of cell walls.